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SUMMARY 


Fuel  efficiency  of  the  hydrazine-air  fuel  cell  system  can 
be  significantly  increased  by  selecting  a  proper  electrode 
substrate.  It  must  be  a  poor  hydrogen  electrode  material, 
according  to  the  mixed  ^potential  concept.  Both  the  anode  potential 
and  the  fuel  efficiency  were  improved  by  applying  a  minute  amount 
of  catalyst  poisons  such  as  S=  and  Se=.  The  anode  potential  was 
increased  by  increasing  the  concentration  of  KOH  and  N2H4  in  the 
electrolyte.  The  anode  potential  was  not  affected  by  Cl"  up  to 
200  mg/1,  but  it  was  lowered  by  COf  and  Fe++  in  the  electrolyte. 

NH3  in  the  exhaust  gas  from  the  anode  was  satisfactorily 
decomposed  by  Pt  catalyst.  In  addition  to  fuel  cell  grade  asbestos 
separator,  which  has  given  the  best  results,  some  non-asbestos 
separators  such  as  Th02  membrane  and  alkaline  battery  separator 
also  showed  the  promising  results  for  the  N2H4  -  air  system. 

Publications,  Lectures,  Reports  and  Conferences 

Conferences : 

Date:  16  May  1966 

Place:  Monsanto  Research  Corporation,  Boston  Laboratory, 
Everett,  Massachusetts 

Present  at  this  conference  were  Mr.  J.  Perry  of  the  U.  S. 

Army  Electronics  Command  and  Dr.  S.  Matsuda  of  Monsanto  Research 
Corporation. 

The  results  obtained  during  the  first  quarter  and  the  plans 
for  the  second  quarter  were  reviewed  and  discussed  in  detail. 
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I.  INTRODUCTION 


.  This  is  the  second  quarterly  report  on  the  investigation  of 
hydrazine  (N2H4)  -  air  fuel  cell  systems  under  Contract  DA-28- 
043-AMC-01996  (E)  by  U.S.  Army  Electronics  Command,  Power  Sources 
Division,  Electronic  Components  Laboratory. 

The  work  is  aimed  at  acquiring  a  basic  understanding  of  the 
components  of  the  cell,  particularly  of  the  anode.  An  additional 
objective  is  determination  of  ways  to  improve  the  presently  oper¬ 
ating  systems  by  using  the  knowledge  obtained  during  the  contract. 

It  is  then  expected  that  these  improvements  will  insure  the 
power  density,  life  time  characteristics,  and  system  design  of 
hydrazine-air  fuel  cell  systems  for  ground  power  applications, 
in  the  range  of  sixty  watts  to  one  kilowatt. 

During  the  first  quarter,  some  important  determinations 
were  made  particularly  concerning  the  mechanism  of  the  hydrazine 
anode  reaction.  The  mixed  potential  concept  seemed  to  explain 
most  properly  the  various  characteristics  observed  on  the 
hydrazine  anode. 


II.  PHASE  I-INVEST IG AT  ION  OF  HYDRAZINE  ANODE 


A.  BACKGROUND 

In  the  first  quarterly  report,  the  mixed  potential  concept 
was  suggested  as  the  most  probable  mechanism  for  the  hydrazine 
electrode  reaction,  which  seemed  to  consist  of  multiple  reduction- 
oxidation  systems  existing  simultaneously  on  the  electrode.  On 
the  basis  of  polarization  data  on  the  hydrazine  electrodes  under 
various  conditions,  the  relation  between  two  major  red-ox  systems, 
the  hydrazine  reaction  (1)  and  the  hydrogen  reaction  (2)  were 
discussed  in  detail. 

N2H4  +  4  0H“* 'n2  +  4  H20  +  4e  (1) 

4  H20  t  4  0H“  +  4  H  (ads)  or  2  H2  -  4e  (2) 

Pigure  1  (a)  illustrates  the  most  common  relationship  between 

two  reactions  such  as  that  in  5M  KOH  +  2M  N2H4  electrolyte  at  50°C. 

The  letters  indicate  the  following: 

N-Ox:  Forward  direction  of  reaction  (1) 

N-Red:  Backward  direction  of  reaction  (1) 

H-Ox:  Backward  direction  of  reaction  (2) 

H-Red:  Forward  direction  of  reaction  (2) 

E 

o-N2H4:  Equilibrium  potential  of  the  reaction  (1)  in 
the  given  system. 

E  „  •  Equilibrium  potential  of  reaction  (2)  in  the 
2‘  given  system. 

E 

o:  The  open  circuit  potential  of  the  hydrazine 

electrode  (mixed  potential). 

E:  The  potential  of  the  hydrazine  electrode  at 

an  apparent  current  density  I  in  a  cell  with 
the  air  cathode. 

*o-N2H4  •  ^e  ex°hange  current  for  reaction  (1). 

10_h2.  The  exchange  current  for  reaction  (2). 
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matic  Illustration  of  Hydrazine  Electrode  Reaction  and  Approaches  for 
Improvement,  on  the  Basis  of  the  Mixed  Potential  Concent. 
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i  _  The  local  cell  current  between  two  electrodes 

u'  (1)  and  (2)  on  the  hydrazine  anode  at  open 

circuit  condition. 

I:  The  apparent  current  in  the  hydrazine-air 

fuel  cell  which  is  utilized  externally. 


N, 


I  practically  equals  (1 


N: 


•  V 


if  the  currents  for  N-Red 


and  H-Ox  are  negligible,  i  corresponds  to  the  rates  of  both  N2 
and  H2  gas  evolution  at  opeR  circuit,  and  according  to  Faraday's 
law  the  rate  of  H2  evolution  should  be  twice  that  of  N2  evolution, 
and  i„  correspond,  respectively,  to  the  rates  of  N2  evolution 

ti2 


and  of  H2  evolution  at  the  potential  E. 


On  the  basis  of  this  concept,  three  approaches  can  be  taken 
to  improvement  of  the  performance  of  the  hydrazine  electrode. 

These  approaches  are  illustrated  in  the  other  three  figures  in 
Figure  L 

The  first  approach  is  use  of  more  active  catalysts  for  N2H4 
decomposition.  The  higher  activity  of  catalysts  contributes  in 
general  a  higher  iQ  N  ^  value  and  a  lower  polarization  to  the 

reaction  (1),  as  shown  in  Figure  1  (b).  These  changes,  however, 
result  not  only  in  a  more  active  potential,  E',  but  also  in  a 
higher  iQ  value,  i^.  In  other  words,  the  improvement  of  the 

potential  will  be  obtained  only  with  some  loss  of  fuel  efficiency. 
It  should  also  be  mentioned  that  the  highly  active  catalysts  for 
N2H4  decomposition  are  also  very  active  catalysts  for  the  hydrogen 
electrode  reaction,  so  that  the  increase  in  i  may  become  very 
detrimental  while  the  improvement  of  EQ  becomes  much  less. 

The  second  approach  is  use  of  poor  hydrogen  electrode  material 
as  the  electrode  substrate.  This  approach  can  be  clearly  under¬ 
stood  by  discussing  an  analogous  phenomenon  known  in  metallic 
corrosion . 


When  the  mixed  potential  concept  is  applied  to  explain  the 
uniform  corrosion  of  a  piece  of  metal,  such  as  the  corrosion  of 
iron  in  aerated  water,  the  theory  assumes  that  the  area  of  the 
local  anode  equals  the  area  of  the  local  cathode.  When  a  more 
noble  metal  such  as  copper  is  then  attached  to  the  iron,  the  local 
anode  area  becomes  larger  than  the  local  cathode  area  on  the  iron 
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surface  because  the  part  of  the  local  cathode  area  corresponding 
to  the  surface  area  of  the  copper  piece  is  expected  to  become  a 
more  or  less  stationary  anode.  Since  the  corrosion  rate  of  iron 
in  aerated  water  is  controlled  by  the  diffusion  of  dissolved 
oxygen  in  the  water  and  the  difference  in  the  kind  of  metal  has 
relatively  little  influence  on  the  rate  of  cathode  reaction,  the 
current  density  of  the  anode  reaction  remains  practically  unchanged, 
and  the  total  rate  of  corrosion  of  iron  increases  with  the  increase 
of  the  local  anode  area.  Consequently,  when  the  surface  area  of 
the  copper  piece  becomes  equal  to  or  larger  than  that  of  the  iron 
piece,  the  corrosion  rate  reaches  its  maximum. 


In  the  present  case,  analogous  to  the  above,  E  and  i  in 

Figure  1  correspond  to  the  corrosion  potential  and°the  corrosion 

rate  of  iron,  and  are  controlled  by  the  hydrogen  electrode  reaction 

(2)  which  has  a  higher  slope  on  the  polarization  curve  than 

reaction  (1).  But  it  is  strongly  affected  by  the  kind  and  condition 

of  the  electrode  material.  Consequently,  if  we  can  assume  the 

condition  that  the  electrode  substrate  surface  acts  mainly  as  the 

hydrogen  electrode  (reaction  (2)),  the  use  of  a  proper  electrode 

substrate  having  a  poor  hydrogen  electrode  activity  and  a  sufficiently 

large  surface  area  is  expected  to  provide  more  desirable  values 

of  E  and  i  .  Figure  1  (c)  illustrates  an  improvement  in  both 

valuBs  of  E°  and  i  to  E"  and  i"  by  lowering  the  exchange  current 

of  the  hydrogen  electrode  from  -t  to  i"  „ 

o  0-h2 . 

The  third  approach  is  to  add  a  small  amount  of  catalyst  poison 
to  the  system.  The  amount  of  hydrogen  cathodically  charged  into  a 
metal  is  increased  significantly  by  the  presence  of  a  small  amount 
of  a  catalyst  poison  such  as  S=,  Se=  and  P-  in  the  electrolyte. 

Iron  cathodically  charged  with  hydrogen  in  the  presence  of  S=  ion  in 
the  electrolyte  showed  a  more  active  potential  than  that  for  one 
without  the  treatment  in  subsequent  corrosion  tests.  (Ref.  1).  It 
is  believed  that  these  catalyst  poisons  slow  down  the  rate  of  re¬ 
combination  of  hydrogen  atoms  to  molecular  hydrogen  and  cause  the 
accumulation  of  hydrogen  in  metals.  The  higher  concentration  of 
the  accumulated  hydrogen  on  the  electrode  surface  provides  a  more 
negative  potential  than  the  standard  potential  for  reaction  (2). 
Consequently,  the  presence  of  a  small  amount  of  catalyst  poison  in 
the  electrolyte  should  result  in  a  higher  E  value  and  a  lower  i  , 
as  illustrated  in  Figure  1  (d).  '  u 


B.  TASK  I.  STUDY  OF  ELECTRODE  SUBSTRATE 
1 .  Experimental  Results 

During  the  second  quarter,  pure  gold  was  examined  as  an 
electrode  substrate.  Squares  (2  x  2  in.)  of  0.001  in.  thick  gold 
foil  were  first  heat-treated  for  10  minutes  in  air  at  600°C  and 
then  were  plated  with  10  mg/in2  of  Pd  black  by  electrolysis. 
Electrode  potentials  and  results  of  analysis  of  the  evolved  gas  at 
various  current  densities  in  5M  KOH  +  2M  N2H4  at  70°C  are  summarized 
in  Table  1. 
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The  potentiostatic  sweep  curve  on  this  electrode  at  the  rate 
of  2000  mV/hr  indicated  a  hydrogen  absorption  peak  both  in  5M  KOH 
+  2M  N2H4  and  in  5M  KOH  with  bubbling  hydrogen  over  the  electrode. 

Table  1 


ANALYSIS  {%) 

OF  THE 

EVOLVED  GAS 

ON  AU-PD 

ELECTRODE  IN 

5M  KOH 

+  2M  N2H4 

AT  70°C . 

Current  Density,  ma/cm2 

12.5 

25 

50 

100 

h2 

0 

0 

0 

0.7 

n2 

>99.5 

>99.5 

>99.5 

99.3 

nh3 

0.06 

0.05 

0.05 

0.05 

Electrode  Potential* 

-0.93 

-0.92 

-0.91 

-0.91 

*Volts  vs.  SCE 


In  order  to  determine  more  clearly  the  effect  of  galvanic 
coupling,  2x2  in.  gold  foil  without  Pd  black  was  connected 
through  a  palladium  wire  to  2  x  2  in.  palladium  foil  plated  with 
10  mg/in2  of  Pd  black  and  were  polarized  together  against  the  Pt 
dummy  electrodes  in  the  electrolyte.  The  potentials  of  the  gold 
foil  and  palladium  foil  were  identical  (-0.97  volt  vs  SCE)  for 
all  current  densities  tested  up  to  100  ma/cm2. 

The  rate  of  gas  evolution  at  open  circuit  condition  was 
extremely  low,  and  the  rates  at  various  current  densities  were 
close  to  the  theoretical  rate  according  to  Faraday’s  law  for  the 
oxidation  of  N2H4  by  equation  (1).  Analysis  of  the  evolved  gas 
also  showed  none  or  very  little  hydrogen  (average  less  than  2%) 
and  a  very  low  NH3  content  (average  0.05$). 

2 .  D i s cuss i o  n 


Results  indicated  that  gold  as  the  electrode  substrate  gives 
an  ideal  fuel  efficiency,  although  the  potential  of  the  electrode 
was  relatively  low.  This  low  electrode  potential,  however,  may  be 
attributed  to  the  small  surface  area  of  the  Pd  catalyst  that  was 
electroplated  and  appeared  grey  rather  than  powdery  black. 

During  the  third  quarter,  the  study  will  be  expanded  to 
inexpensive  materials  such  as  stainless  steel  and  iron  which 
have  low  activities  as  the  hydrogen  electrode. 
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C.  TASK  II.  STUDY  OF  ELECTROLYTE 
1 .  Background 

This  task  was  started  at  the  beginning  of  the  contract.  The 
most  effective  factor  on  the  anode  activities,  as  indicated_by  the 
electrode  potentials,  was  the  activity  of  hydroxyl  ions,  OH-,  in 
the  electrolyte.  The  slope  of  the  anode  potential  vs  log  (A0„~) 
was  about  0.087  volt.  The  kind  of  cation  itself  (except  for 
Cs)  had  no  significant  effect.  The  anode  potentials  in  CsOH 
electrolyte  were  less  active  than  those  in  the  other  hydroxide 
electrolytes  (hydroxides  of  Li,  Na  and  K)  having  the  same  activities 
of  hydroxyl  ions. 


Comparing  the  activities  of  hydroxyl  ions  and  the  ionic 
conductivities  of  these  electrolytes  at  the  same  concentration, 
potassium  hydroxide,  was  the  best  among  those  tested. 


s 
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During  this  quarter,  further  investigation  was  carried  out 
on  the  effects  of  concentrations  of  the  electrolyte  and  fuel, 
temperature,  and  impurities  in  the  KOH  electrolyte.  Impurities 
tested  included  the  most  probable  ions  in  the  system,  CO3  ,  Cl- 
and  Fe  . 

2.  Experimental  Method 

The  experimental  method  was  the  same  as  that  described  in 
our  previous  repoit.  The  galvanostatic  polarization  curves  were 
determined  using  the  Kordesch-Marko  bridge  with  solid  nickel 
electrodes  plated  with  10  mg/in2  of  Pd  black.  The  half  cell  used 
for  the  test  is  illustrated  in  Figure  2.  The  open  circuit  potential 
was  taken  when  a  steady  potential  was  reached  and  the  potential 
at  each  current  was  measured  after  exactly  one  minute  of  electrolysi 
at  each  value  of  the  current,  which  was  increased  stepwise. 

All  electrolytes  were  made  up  by  using  reagent  grade  chemicals. 
Since  these  alkaline  solutions  contained  a  significant  amount  of 
H20,  all  solutions  were  analyzed  by  titration  for  OH-  ion  concen¬ 
tration,  and  the  proper  amount  of  chemicals  were  added  to  obtain 
the  exact  strengths  of  the  electrolyte  desired. 

For  testing  the  effect  of  003“,  a  fresh  bottle  of  granular 
KOH  was  used  to  prepare  the  carbonate-free  5M  KOH  solution.  CO3- 
ion  was  added  to  the  solution  by  bubbling  C02  gas  through  the 
solution.  Free  KOH  and  the  total  carbonate  ions  were  then 
determined  by  a  conventional  titration  with  dilute  HC1.  Immediately 
after  the  analysis,  a  known  amount  of  N2H4*H20  was  added  to  the 
remaining  solution  to  form  a  2M  N2H4  solution,  and  the  polarization 
curve  on  the  standard  electrode  (solid  nickel  with  Pd  black)  was 
determined. 
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Cl”  was  added  as  KC1  and  Fe  was  added  as  FeS04*7  H20.  Some 
colloidal  precipitation  of  Fe(OH)2  were  observed  when  larger 
amounts  of  Fe++  were  added  to  the  KOH  electrolyte. 

3 .  Effect  of  Concentration  of  KOH  and  N?H4. 

Data  obtained  supplement  those  obtained  during  the  first 
quarter.  Figure  3  indicates  the  characteristics  of  the  hydrazine 
anode  potential  as  a  function  of  KOH  concentration  at  various 
temperatures.  For  reference  to  the  practical  operation  of  the 
N2H4  -  air  fuel  cell  system,  the  hydrazine  anode  potentials  at  100 
ma/cm2  at  various  conditions  are  also  listed  in  Table  2. 

The  hydrazine  anode  potential  increased  linearly  with  the 
logarithm  of  the  KOH  activity.  The  slope  of  the  potential  increase, 
dE/dlQ^A  were  estimated  to  be  about  0.075  volt  at  40° C  and 

0.07  volt  at  70°C,  although  these  values  can  vary  since  the  points 
were  somewhat  scattered. 

An  increase  of  hydrazine  concentration  also  increased  the 
anoae  potential,  but  the  effect  was  less  than  that  caused  by  an 
increase  in  KOH  activity. 

The  potential  increased  significantly  when  the  temperature 
was  raised  to  60°C,  but  very  little  when  it  was  raised  from  60°C 
to  70°C. 

4.  Effect  of  Impurity  Ions  in  the  Electrolyte 


a.  Effect  of  CO 


The  most  characteristic  data  are  summarized  in  Table  3 
which  indicates  the  small  but  definite  loss  of  potential  by  C02 
dissolution  into  the  electrolyte. 

b .  Effect  of  Cl". 

The  effect  of  Cl”  was  determined  in  7M  KOH  with  2M  N2H4 
electrolyte.  The  electrode  potentials  at  open-circuit  and  at 
100  ma/cm2  are  shown  in  Figure  4  as  a  function  of  the  concentration 
of  Cl”.  Figure  4  shows  that  Cl"  had  little  or  no  effect  on  the 
hydrazine  electrode  potential. 

e.  Effect  of  fe4-*. 

7M  KOH  with  2M  N2H4  solution  was  used  to  determine  the 
effect  of  Fe++,  which  was  added  as  FeS04*7  H20.  Some  precipitation 
of  colloidal  ferrous  hydroxide,  Fe(0H)2,  was  observed  above  10  ppm 
of  Fe++  addition.  Figure  5  shows  the  electrode  potentials  at  open 
circuit  and  at  100  ma/cm2  as  a  function  of  the  concentration  of  Fe++. 
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AK0H  ^  =  M  x  y  at  25°C) 

Figure  3..  Effect  of  KOH  Conce-tration  on  Hydrazine  Anode  Potential  (N2H4:2M) 


EFFECT  OF  CONCENTRATION  OF  KOH  AND  N2H4  ON  THE  HYDRAZINE 
ANODE  POTENTIAL  AT  TOO  MA/CM2,  VOLTS  VS  SCE 


OCP,  70 


■rn^iw?  mvfiwaad^ 


30S  sa  s;ioa 

‘tenua^od  apou^oa  13  auizBjp^n 


I  ^  !A#S 
ipgg&SHI 

il  ‘.  ,'  iu 


Concentration  of  Fe++,  ppm 

Effect  of  Fe++  on  the  Hydrazine  Electrode  Potential  (7M  KOH 


There  was  little  or  no  effect  of  Pe++  up  to  2  ppm,  but  the 
electrode  potential  at  the  operating  condition  dropped  steeply 
with  an  increase  in  Fe++  concentration  above  5  ppm.  Although  it 
is  not  certain,  the  precipitation  of  colloidal  ferrous  hydroxide 
might  have  accounted  for  this  effect. 

5.  Conclusions 


Prom  the  results  obtained  during  this  quarter,  the 
following  conclusions  can  be  drawn: 


(i)  The  hydrazine  electrode  potential  linearly  increases, 

becoming  more  anodic,  with  the  logarithm  of  the  hydroxyl 
electrolyte  activity.  The  slope  dE/dl  \  is  °-07 


OH 


■) 


volt  or  larger  for  the  temperature  range  tested. 


(ii)  The  hydrazine  electrode  potential  increases  with 

increasing  N2H4  concentration.  The  effect  is  less 
than  that  by  the  increase  of  hydroxyl  in  activity. 


(iii)  Dissolved  C02  in  the  KOH  electrolyte  lowers  the 
hydrazine  electrode  potential. 

(iv)  Cl~  in  the  electrolyte  has  little  or  no  effect  on 
the  hydrazine  electrode  potential. 

(v)  Fe++  in  the  electrolyte  has  little  or  no  effect  on  the 
hydrazine  electrode  potential  up  to  2  ppm  of  Fe++,  but 
the  potential  at  the  operating  condition  significantly 
dropped  with  increasing  Fe++  concentration  above  5  ppm. 


D.  TASK  III.  STUDY  OF  CATALYST  POISONS 
1 .  Experimental  Method 

During  the  second  quarter  two  related  groups  of  experiments 
were  carried  out  to  determine  the  feasibility  of  using  catalyst 
poisons  to  improve  the  hydrazine  electrode. 

The  first  group  of  tests  was  the  determination  of  polariza¬ 
tion  characteristics  of  the  hydgazine  electrode  in  the  presence 
of  the  catalyst  poisons,  S",  Se~  and  As57 

The  second  group  of  tests  was  the  determination  of  the  effect 
of  catalyst  poisons  on  the  rate  and  composition  of  the  gas  evolved 
on  the  hydrazine  electrode. 

The  first  group  was  carried  out  in  the  half  cell  illustrated 
in  Figure  2  by  using  solid  nickel  electrodes  plated  by  electrolysis 
with  10  mg/in*  of  Pd  black.  The  second  group  was  carried  out  in 
the  apparatus  shown  in  Figure  6  by  using  porous  nickel  plaque 
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Constant  Temperature  Water 


chemiplated  with  10  mg/in2  of  Pd  black.  The  electrolyte  tested 
was  7M  KOH  +  2M  N2H4  for  the  first  group  and  5M  KOH  +  2M  N2H4 
for  the  second  group.  S=  and  As5-  were  added  to  the  electrolyte 
from  the  stock  solutions  of  Na2S  and  As205.  Since  Na2Se  tends  to 
precipitate  by  hydration,  Na2Se  solution  was  freshly  made  for 
each  test  and  added  quickly  to  the  electrolyte. 

2 .  Results  on  Solid  Nickel  Electrode 

Potentials  at  open  circuit  and  at  100  ma/cm2  are  shown  in 
Figures  7,  8,  and  9  as  a  function  of  the  concentrations  of  the 
catalyst  poisons. 

Results  indicated  a  small  but  definite  improvement  in  the 
potentials  at  very  low  concentrations  of  the  poisons.  However, 
the  electrode  lost  activity  sharply  as  the  concentrations  were 
further  increased.  The  effect  was  most  significant  with  S= 
followed  by  Se=  and  As5-. 

3 .  Results  on  Porous  Nickel  Electrode 

The  effects  of  the  catalyst  poisons  on  the  rates  of  g'’s 
evolution  at  open  circuit  condition  are  given  in  Figure  10 
as  a  function  of  the  concentration  of  the  poisons. _  Results 
indicated  that  the  strongest  effect  was  given  by  S~  to  decrease 
the  rate  of  gas  evolution,  followed  by  Se=,  but  no  effect  by  As5-. 
For  S=  and  Se®,  a  linear  relation  was  observed  between  the 
logarithms  of  the  rate  of  gas  evolution  and  the  concentration  of 
these  ions,  up  to  approximately  5  x  10“3  mole/liter.  Above  this 
concentration,  the  gas  evolution  decreased  more  rapidly  with  an 
increase  inj^the  concentration  of  the  catalyst  poisons. 

Analytical  results  on  the  evolved  gas  at  100_ma/cm2 
polarization  in  the  electrolyte  containing  5  x  10~3M  of  the 
catalyst  poisons  are  given  in  Table  4. 

Results  indicated  that  the  addition  of  5  x  lO'^IS"  and  Se= 
increased  the  fuel  efficiency  to  practically  100$  and  decreased 
the  NH3  content  in  the  exhaust  gas  one-half,  although  the  loss  of 
the  electrode  potential  at  100  ma/cm2  was  auout  0.2  volt_from  that 
of  the  electrode  without  the  poisons.  The  effect  of  As5“  was  much 
less  than  that  of  S=  and  Ses. 

The  potentiostatic  sweep  curves  on  the  electrode  with  S= 
and  Se*  under  these  conditions  showed  no  peaks  for  the  absorbed 
hydrogen. 

h  .  Discussion 

Results  in  general  proved  the  validity  of  the  approach 
developed  in  planning  these  tests.  These  results  may  even  suggest 
a  tentative  mechanism  for  the  effect  of  the  poisons,  although  the 
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log.  Concentration  of  Poisons,  moles/liter 


Electrolyte:  5M  KOH  +  2M  N2H4 
Temperature:  25° 1 


S=  (as  Na 2 S ) 
—O*—  Se*  (as  Na2Se) 

■••X--AS5"  (as  As205) 


_ _ 


log.  Gas  Evolution  Rate,  ml/min 

Figure  10.  Effect  of  Catalyst  Poisons  on. Gas  Evolution 
Rate  at  Open  Circuit  Conditions 
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THE  EFFECT  OF  THE  CATALYST  POISONS  ON  THE  COMPOSITION 
OF  THE  EVOLVED  GAS  AT  TOO  MA/CM2  POLARIZATION 


Electrolyte:  5M  KOH  +  2M  NoH4 
+  Catalyst  Poisons  (1  x  103  M) 


Catalyst 

Poison 

El ectrode 
Potential , 

Gas 

After 

Composition,  % 
NHs  Extraction 

at  100  ma/cm2 
Volts  vs  SCE 

H? 

.  n2 

None 

CSJ 

1 

27.8 

72.2 

S= 

-1.28  (OCP) 

59.6 

40.4 

S= 

-1  .05 

1.1 

98.9 

Se= 

-1.04 

Trace 

99.5 

NH3 

Content 

% 

0.39 

1.11 

0.22 

0.21 
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study  has  not  yet  been  concluded.  The  linear  "relation  .hetween 
the  logarithms  of  the  concentration  of  the  catalyst  poisons  and'  -  -  - 
the  rate  of  the  gas  evolution  is  similar  to  the  relation  between 
the  concentration  of  anodic  type  inhibitors  necessary  to  passivate 
iron  in  an  environment  containing  Cl“  or  SOi*55  (Ref.  2).  The  most 
likely  mechanism  for  the  phenomenon  is  then  the  competitive 
adsorption  of  two  (ionic)  species  on  the  metal  surface,  in  the 
present  case  the  ions  of  the  catalyst  poison  and  atomic  (or  molecular) 
hydrogen  liberated  by  the  catalytic  decomposition  of  N2H4.  The 
plateau  observed  on  the  curve  may  be  explained  by  this  mechanism 
as  the  saturation  of  the  adsorbed  poison  ions  on  the  active  hydrogen 
electrode  sites.  Under  such  conditions  it  is  also  obvious  that  no 
peak  of  the  adsorbed  hydrogen  should  be  observed  on  the  potentiostatic 
sweep  curve  on  the  electrode. 

Results  in  Figures  7  to  10  and  in  Table  4  suggest  that  the 
optimization  of  the  condition  must  consider  the  inverse  effect  of 
the  loss  of  potential  by  the  excess  amount  of  the  catalyst  poisons. 

During  the  third  quarter  the  effort  will  be  focussed  on 
optimizing  the  concentration  of  the  catalyst  poisons  and  on  the 
method  of  adding  them  to  the  electrode  system. 

E.  TASK  IV.  STUDY  OF  INEXPENSIVE  CATALYST 


Experiments  that  were  originally  planned  for  this  quarter 
included  tests  on  metal  chelate  catalysts  for  the  N2H4  anode. 

However,  no  electrode  tests  were  carried  out  because  of  some 
difficulties  encountered  in  preparing  the  electrodes  incorporating 
these  catalysts.  The  proprietary  process  used  to  prepare  these 
electrodes  involves  various  steps  that  must  be  closely  controlled, 
and  difficulties  experienced  were  mainly  concerned  with  these 
controls.  At  the  end  of  the  quarter,  these  difficulties  had  been 
solved  and  the  experiments  planned  are  all  expected  to  be  carried 
out  during  the  third  quarter. 

F.  TASK  V.  STUDY  OF  DECOMPOSITION  OF  NH, 

1 .  Background 

The  odor  of  ammonia  (NH3)  is  often  very  strong  during  the 
operation  of  N2H4  -  Air  fuel  cells.  It  is  also  known  that  an 
appreciable  amount  of  NH3  was  formed  by  the  thermal  decomposition 
of  N2H4 ,  particularly  over  some  specific  catalysts  such  as  cobalt 
metal  (Refs.  3  and  4). 

The  quantitative  determination  of  NH3  in  the  gaseous  reaction 
products  on  the  hydrazine  anode  was  carried  out  during  the  first 
quarter  of  the  present  program.  Results  of  the  analysis  indicated 
that  the  amount  of  NH3  averaged  approximately  0.5 %  (volume)  of 
the  total  gaseous  products,  independent  of  the  current  densities, 
up  to  200  ma/cm2,  on  the  solid  electrodes  of  various  metals  catalyzed 
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with  Pd  black.  This  result  suggests  that  NH3  was  formed  by  an 
electrochemical  reaction,  either  as  one  step  in  the  oxidation  of 
N2H4  to  H2O  and  N2  or  as  an  independent  side  reaction  of  the 
oxidation  of  N2H4. 

The  importance  of  ~Nii3-  formation  in  the  practical  operation 
of  the  N2H4  -  air  fuel  cells  is  priricipail-y-in. two.  areas : 

(i)  It  causes  a  loss  of  fuel  efficiency  because  of  the 
incomplete  oxidation  of  N2H4. 

(ii)  There  is  air  polution  by  NH3  escaping  into  the 
atmosphere. 

Although  the  study  of  the  electrode  substrate  suggested  that 
some  decrease  in  NH3  formation  might  be  obtained  by  selecting  a 
proper  substrate  and  catalyst,  complete  elimination  of  NH3  from 
the  anode  reaction  seems  rather  difficult.  The  present  task  was 
then  added  to  study  possible  decomposition  of  NH3  by  means  of 
oxidation  with  air  over  a  catalyst. 

2.  Experimental  Method 

Figure  Ills  a  schematic  diagram  of  the  test  apparatus. 

Flow  rates  of  N2,  NH3,  and  air  were  individually  adjusted  by 
a  needle  valve  and  a  flow  meter  on  each  supply  line  so  that  any 
mixture  could  be  obtained.  All  tubing,  fittings  and  valves,  and 
the  reactor,  were  made  of  30*1  stainless  steel.  The  reactor  was 
a  one-inch  pipe  approximately  15  inches  long.  It  was  heated 
uniformly  from  the  outside  by  a  heating  tape.  The  temperature  of 
the  reaction  zone,  where  catalyst  powder  was  packed  for  about  3" 
long  at  the  center  of  the  tube,  was  adjusted  within  +  3°C  of  a 
desired  temperature.  The  analysis  of  NH3  was  made  before  and 
after  the  reactor  tubing.  For  the  analysis,  the  gas  was  introduced 
for  a  certain  period  into  a  known  amount  of  0.1N  HC1  and  the 
unreacted  HC1  was  back-titrated  with  a  known  concentration  (0.1N) 
of  NaOH  solution. 


3.  Results 

First,  some  commercial  catalysts  were  tested  in  the  condition 
that  simulates  the  relatively  high  concentration  >f  NH3  in  medium 
size  fuel  cell  systems  of  few  hundreds  watts.  The  flow  rates  of 
the  testing  gas  were  1  llter/min,  of  N2  mixed  with  about  15  cc/min 
of  NH3 .  The  flow  rate  of  air  mixed  with  the  above  gas  stream  was 
185  cc/min.  This  amount  contains  approximaately  four  times  the 
oxygen  necessary  to  complete  the  following  desirable  reaction: 

2  NH3  +  3/2  02  -*•  3  H20  +  N2 

Table  5  gives  the  results.  Data  are  for  an  average  of  at 
least  two  runs. 


eedle  valves  for  flow  control 


NH3  Decomposition  Test 


Table  5 


Gas  Composition: 


Catalyst 


A 1  2  0  3 

A1 2O3 
1 .0% 

1  .0% 
Gird! 
Girdl 
Gird! 


(Control ) 

Rh  on  A1 203 
Rh  on  A1 203 
er  Catalyst  G-49*B 
er  Catalyst  G-66**B 
er  Catalyst  G-42*** 


DECOMPOSITION  "1" 

1 :  N 2  =  1  ,000  cc/mi n . 

NH3  =  15  cc/min. 

Air  =  185  cc/min. 


p.,  °c 

%  Conversion  of  NH 

30 

None 

100 

None 

30 

2.6 

100 

None 

100 

None 

100 

None 

100 

None 

**Low  Temperature  Shift  Conversion  Catalyst 

***Promoted  Iron  Oxide  Catalyst 
Girdler:  Girdler  Catalysts,  Louisville,  Ky 


Since  the  results  showed  very  low  or  no  conversion  under 
those  conditions,  the  NH3  content  was  then  increased  almost  six 
times  by  cutting  N2  stream  in  order  to  determine  more  clearly  the 
difference. 

Results  so  far  indicate  that  Pt  was  the  only  usable  catalyst 
in  this  system  and  the  highly  loaded  Pt  catalyst  (Ni-Pt  in  Table 
6  and  7)  could  decompose  almost  99%  of  NH3  in  the  gas  stream 
containing  originally  about  7.5%  of  NH3 . 

This  work  will  be  further  continued  in  the  third  quarter. 
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Table  7 


NH3  DECOMPOSITION  "3" 


Gas  Composition: 

NH3  -  15  cc/min. 

presaturated 

with  H,0  vaDor  at  70°C 

Air  -  185  cc/min 

• 

Catalyst 

Temp.,  °C 

%  Conversion 

Pt  -  Ni* 

100 

98.6 

Pt  -  Ni* 

50 

None 

Harshaw  Cobalt  Catalyst 

100 

26.8 

Harshaw  Zinc  Catalyst 

100 

None 

Harshaw  Vanadium  Catalyst 

100 

None 

Harshaw  Cr-Al203  Catalyst 

100 

None 

Raney  Ni-Pt** 

100 

None 

Raney  Ni-Pt*** 

100 

None 

*Same  as  one  in  Table  6 

**Raney  Ni  with  absorbed  H2  was  chemi-plated  with  Pt  (1%  wt.). 
***Raney  Ni  without  absorbed  H2  was  chemi-plated  with  Pt  (1%  wt.) 

Harshaw:  Harshaw  Catalyst,  Cleveland,  Ohio. 
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III.  PHASE  II  -  INVESTIGATION  OF  SEPARATOR 

A.  EXPERIMENTAL  METHOD 


The  apparatus  and  the  experimental  method  were  the  same  as 
those  used  in  the  first  quarter.  Figure  3  shows  the  half  cell 
testing  unit.  Separators  tested  were  placed  on  the  front  of  the 
electrolyte  surface  side  of*  our  MRC  cathode  (proprietary)  and  a 
sheet  of  nylon  cloth  was  added  to  the  front  of  the  asbestos 
separator  to  prevent  excess  swelling  of  the  asbestos. 

The  electrolyte  was  5M  KOH  solution  containing  2M  N2H4.  The 
air  cathode  polarization  curves  were  taken  at  30,  50,  and  70°C  by 
using  an  interrupting  bridge  (Kordesch-Marko  bridge)  in  order  to 
determine  IR  free  potential  and  IR  drop  through  the  asbestos 
separator  (between  Luggin  Capillary  and  the  cathode).  During  the 
testing  the  air  flow  rate  was  kept  constant  at  60  cc/min. 

B.  ASBESTOS  SEPARATOR 


Two  types  of  commercial  asbestos,  each  of  two  thicknesses 
(10  and  15  mils)  were  tested.  Other  tests  included  those  on 
multiple  layers  of  these  separators;  two  and  three  layers  of 
asbestos  papers  were  compressed  together  under  24,000  psi  pressure 
and  were  used  like  a  single  sheet  of  separator. 

One  15  mil  chrysotile  paper  was  impregnated  with  MgO  and 
tested  for  improvement.  For  this  treatment,  the  paper  was  first 
soaked  with  MgCl2  solution.  Then  it  was  dried  in  an  oven,  treated 
with  NH4OH  solution,  dried,  and  finally  heated  at  400°C  in  an  oven. 

Results  are  summarized  in  Table  8. 

C.  NON-ASBESTOS  SEPARATOR 


Two  non-asbestos  separators  were  tested.  One  was  thoria 
powder  bonded  with  Teflon.  The  other  was  a  thin  alkaline  battery 
separator  made  of  polymer. 

Results  are  summarized  in  Table  8,  together  with  those  or.  the 
asbestos  separators, 

D.  DISCUSSION 


The  open  circuit  potentials  and  IR-free  potentials  can  be 
used  to  estimate  the  protective  abilities  of  the  separators 
against  N2H4  poisoning  and  IR  drop  can  be  used  to  estimate  the 
ionic  conductivity  through  the  separators. 

If  we  could  assume  that  the  essential  electrode  activities,  with¬ 
out  influences  of  the  N2H4  poisoning  and  of  the  diffusion  characteristics 
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Table  8 


SUMMARY  OF  SEPARATOR  TESTS 


Electrolyte:.  5M  KOH  t  2M  N2H„ 
Temp:  30°C 


IR  Free  Potential,  volt, 
at  various  C.D. ,  ma/cm2 


Separator 

O.C.P., 

Volts 

50 

100 

200 

IR  Drop,  volt 
at  100  ma/cm 

Fuel  Cell  Grade* 

,  15  mil  (control ) 

-0.245 

-0.255 

-0.275 

-0.345 

0.185 

Fuel  Cell  Grade, 

10  mil ,  1  layer 

-0.245 

-0.260 

-0.270 

-0.315 

0.180 

Fuel  Cell  Grade, 

10  mil ,  2  layer 

-0.250 

-0.260 

-0.275 

-0.315 

0.200 

Fuel  Cell  Grade, 

10  mil ,  3  layer 

-0.255 

-0.270 

-0.275 

-0.315 

0.B90 

Acco  #1**, 

15  mil ,  1  layer 

-0.230 

-0.240 

-0.250 

-0.280 

0.225 

Acco  #1 , 

15  mil ,  2  layer 

-0.225 

-0.250 

-0.260 

-0.300 

0.220 

Acco  #1 , 

15  mil ,  3  layer 

-0.225 

-0.240 

-0.260 

-0.300 

0.230 

Acco  #1 , 

10  mi  1 ,  1  layer 

-0.240 

-0.245 

-0.265 

-0.360 

0.240 

Acco  #1, 

10  mil ,  2  layer 

-0.235 

-0.260 

-0.295 

-0.495 

0.295 

Acco  #1 , 

1 0  mi  1 ,  3  1  ayer 

-0.245 

-0.270 

-0.285 

-0.335 

0.240  ■ 

Fuel  Cell  Grade, 

15  mil ,  with  MgO 

-0.240 

-0.250 

-0.260 

-0.300 

0.255 

Thoria  Matrixt 

-0.240 

-0.270 

-0.280 

-0.340 

0.230 

Alkali  Battery  Separatortt 

-0.245 

-0.285 

-0.290 

-0.380 

0.190 

Fuel  Cell  Grade* 

,  1 5  mi  1 ,  (control ) 

Temp:' 

-0.215 

50°C 

-0.235 

-0.250 

-0.315 

0.165 

Fuel  Cell  Grade, 

10  mil ,  1  layer 

-0.220 

-0.240 

-0.250 

-0.305 

0.170 

Fuel  Cell  Grade, 

10  mil ,  2  layer 

-0.215 

-0.235 

-0.250 

-0.290 

0.165 

Fuel  Cell  Grade, 

10  mil ,  3  layer 

-0.220 

-0.260 

-0.250 

-0.285 

0.530 

Acco  #1**, 

15  mil ,  1  layer 

-0.225 

-0.240 

-0.240 

-0.285 

0.200 

Acco  #1 , 

15  mil ,  2  layer 

-0.205 

-0.235 

-0.245 

-0.300 

0.265 

Acco  #1, 

15  mil ,  3  layer 

-0.200 

-0.230 

-0.245 

-0.300 

0.275 

Acco  #1 , 

10  mil ,  1  layer 

-0.240 

-0.245 

-0.260 

-0.360 

0.155 

Acco  #1 , 

10  mil ,  2  layer 

-0.220 

-0.255 

-0.280 

-0.320 

0.185 

Acco  #1 , 

10  mil ,  3  layer 

-0.210 

-0.245 

-0.260 

-0.320 

0.295 

Fuel  Cell  Grade, 

15  mil ,  with  MgO 

-0.205 

-0.230 

-0.240 

-0.275 

0.200 

Thoria  Matrixt 

-0.220 

-0.240 

-0.250 

-0.320 

0.170 

Alkali  Battery  Separatortt 

-0.235 

-0.255 

-0.270 

-0.640 

0.135 

Fuel  Ceil  Grade* 

,  1  5  mil ,  (control ) 

Temp:' 

-0.210 

70°C 

-0.225 

-0.240 

-0.300 

0.150 

Fuel  Cell  Grade, 

10  mil ,  1  layer 

-0.210 

-0.235 

-0.250 

-0.300 

0.175 

Fuel  Cell  Grade, 

10  mil ,  2  layer 

-0.215 

-0.235 

-0.240 

-0.280 

0.140 

Fuel  Cell  Grade, 

10  mil ,  3  layer 

-0.215 

-0.235 

-0.250 

-0.280 

0.430 

Acco  #1**, 

15  mil ,  1  layer 

-0.225 

-0.245 

-0.250 

-0.315 

0.225 

Acco  41 , 

15  mil ,  2  layer 

-0.185 

-0.235 

-0.260 

-0.340 

0.395 

Acco  #1 , 

15  mil ,  3  layer 

-0,195 

-0.225 

-0.240 

-0.310 

0.310 

Acco  #1, 

10  mil ,  1  layer 

-0  95 

-1.01 

-1.02 

-1.02 

0.160 

Acco  *1 , 

10  mil ,  2  layer 

-0.87 

-1  .00 

-1.00 

-1.01 

0.120 

Acco  #1 , 

10  mil ,  3  layer 

-0.190 

-0.245 

-0.265 

-0.325 

0.496 

Fuel  Cell  Grade, 

15  mil ,  with  MgO 

-0.200 

-0.220 

-0.235 

-0.265 

0.170 

Thoria  Mitrixt 

-0.195 

-0.240 

-0.270 

-0.375 

0.265 

Alkali  Battery  Separatortt 

-0.215 

-0.245 

-0.275 

-0.560 

0.170 

All  volt  data  are  vs.  Saturated  Calomel  Electrode  at  25°C 
OOP:.  Open  Circuit  Potential  vs.  Saturated  Calomel  Electrode 

*  Supplied  from  Johns  Mansvllle  Co. 

**  Supplied  from  American  Cyanamid  Co. 
f  Supplied  from  Chemcell  Co. 

ft  Supplied  from  Radiation  Application^  inc.-  (Permion  Separator) 
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of  the  electrolyte  through  the  separator,  are  same  on  these 
electrodes,  the  more  negative  potentials  are  the  result  mainly  of  N2H4 
poisoning  and  partly  of  a  change  of  the  electrolyte  condition  on 
the  surface  by  adding  a  separator  on  the  front  of  the  electrode 
surface. 

In  general,  we  might  conclude  from  these  data  that  the  effect 
of  N2H4  poisoning  and  the  increase  of  IR  drop  are  opposite.  For 
example,  the  fuel  cell  grade  asbestos  separator  treated  with  MgO 
showed  the  less  influence  of  N2H4  poisoning,  but  at  the  same  time 
an  increase  of  IR  drop,  comparing  with  one  without  MgO.  Consequently, 
the  proper  selection  of  the  separator  for  the  present  system  must 
consider  both  factors  as  well  as  the  useful  life  of  the  material 
in  the  electrolyte  which  has  not  yet  been  tested. 

From  the  data  in  Table  8,  the  fuel  cell  grade  asbestos 
separator  (1  layer  of  either  10  or  15  mils)  seems  somewhat  better 
than  other  materials  tested,  although  the  separators,  particularly 
thoria  matrix  and  permion  separator,  indicated  very  competitive 
characteristics . 

The  work  of  this  phase  will  be  still  continued  in  the  third 
quarter. 


IV.  WORK  PLANNED  FOR  THE  THIRD  QUARTER 


Work  planned  for  the  third  quarter  includes  the  following: 

(i)  Continue  the  study  of  the  electrode  substrate  materials 
including  stainless  steel  and  iron. 

(ii)  Continue  the  study  of  the  catalysts. 

(iii)  Continue  the  study  of  the  catalyst  poisons,  particularly 

the  optimization  of  the  use  of  the  catalyst  poisons. 

(iv)  Continue  the  study  of  NH3  decomposition. 

(v)  Continue  the  study  of  the  separator  material. 

(vi)  Study  the  effects  of  impurity  ions  and  the  catalyst 
poisons  on  the  air  cathode  performance. 

We  are  expecting  to  reach  certain  conclusions  on  these  studies 
at  the  end  of  the  third  quarter. 
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was  no  affected  by  Cl"  up  to  200  mg/1,  but  it  was  lowered  by  CO3  and 
Fe++  in  the  electrolyte.  NH3  in  the  exhaust  gas  from  the  anode  was 
satisfactorily  decomposed  by  Pt  catalyst.  In  addition  to  fuel  cell 
grade  asbestos  separator,  which  has  given  the  best  results,  some  non¬ 
asbestos  separators  such  as  ThO?  membrane  and  alkaline  battery  sepa¬ 
rator  also  showed  the  promising  results  for  the  N2H4  -  air  system. 
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